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SUMMARY 

& 
A carefu l ly  control led radio attenuation measurement experiment, RAM A l ,  

w a s  launched from NASA Wallops S ta t ion  at 7:34 a . m .  e .s . t .  on August 30, 1961 
and propelled t o  a peak ve loc i ty  of 17,800 fee t  per  second a t  an a l t i t u d e  of 
176,000 f ee t .  
sphere nose followed by a 9' half-angle cone joined t o  a 9-inch-diameter cylin- 
d r i c a l  body and 10' half-angle f l a r e  section. Radio-frequency s igna l  blackout 
w a s  avoided by t h e  use of t h i s  body shape. Attenuation of VHF s igna ls  from two 
antenna locat ions and voltage standing-wave r a t i o  (VSWR) and antenna impedance 
f o r  one antenna locat ion were measured. The results of the  f l i g h t  a r e  (1) the  
measured s igna l  attenuations,  a m a x i m u m  of 25 decibels  f o r  the  forward s l o t  
antenna and of 10 decibels  f o r  the aft  r ing  antenna, l i e  within the predicted 
bounds according t o  the  two l imi t ing  thermochemical-flow models, equilibrium flow 
and frozen flow, (2)  t he  VSWR f o r  t h e  forward antenna rose t o  8j t h i s  ind ica tes  
a 4-decibel l o s s  due t o  mismatch, ( 3 )  differences i n  s igna l  loss  from the  forward 
s l o t  antenna and the  af t  r ing  antenna may be due t o  e i t h e r  nonequilibrium chem- 
i s t r y  i n  the  flow f i e l d  o r  grea te r  detuning of t he  forward s l o t  antenna which had 
narrow bandwidth charac te r i s t ics ,  ( 4 )  antenna-pattern-shape changes due t o  the  
plasma sheath were small, ( 5 )  the  forward-slot-antenna impedance sh i f t ed  i n  t h e  
inductive d i rec t ion ,  (6) the  exhaust of t h e  burning fourth-stage rocket had no 
apparent e f f e c t  on V" signal  leve ls ,  and (7) a t tenuat ion of the s igna ls  received 
a t  Wallops when the  slender probe w a s  i n  the 300,000-foot-altitude region may be 
due t o  wake phenomena. 

The payload s tage w a s  a slender probe with a 2-inch-diameter hemi- 

INTRODUCTION 

Langley Research Center has designed a series of f l i g h t  experiments t h a t  are 

The objective of t h e  RAM experiments i s  t o  invest igate  the  
referred t o  as Project  RAM (Radio Attenuation Measurement) and are launched from 
NASA Wallops Stat ion.  
interference of ionized flow f i e l d s  with communications, data transmission, and 

* T i t l e ,  Unclassified.  
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radar tracking over a wide range of a l t i t udes  and ve loc i t ies .  This report  
describes t h e  f i rs t  project  f l i gh t ,  here inaf te r  referred t o  as RAM Al. 
t e r  designates the 1 a J y e e h i c l e  which was an ? ? S A  four-stage vehicle and t h e  
numeral refers  s e r i  
e.s . t .  on August 30, 1961. 

The le t -  

y t o  t h e  experiment. The vehicle w a s  launched at 7:34 a .m.  

x lo3 

- 

- 

- 

The ionized-flow-field problem being investigated i s  i l l u s t r a t e d  i n  f ig -  
ure 1. 
30 decibels) exhibited by numerous f l i g h t s  of blunt vehicles from Cape Canaveral 

The shaded area i n  t h e  f igure  i s  t h e  VHF’ blackout region (grea te r  than 

and several  NASA Wallops f l i g h t s .  
veloci ty-al t i tude prof i le .  

The 

o L + w +  20 x 103 
Velocity, ftlsec 

Figure 1.- Ram Al velocity-altitude profile. 

so l id  l i n e  i n  t h e  f igure  i s  t h e  RAM Al 

The RAM A l  experiment w a s  designed 
t o  make a s igni f icant  penetration of t he  
VHF blackout region with only a medium 
s igna l  loss .  
w a s  t o  conduct a carefu l ly  controlled 
radio attenuation experiment t o  evaluate 
present predict ion capab i l i t i e s  of t rans-  
mission l o s s  through reentry plasmas by 
using avai lable  f low-f i e l d  and electro-  
magnetic theories .  The experiment w a s  
conducted during t h e  ascending port ion 
of t he  t ra jec tory ,  which i s  e s sen t i a l ly  
t h e  reentry corridor i n  reverse. There 
a re  several  advantages t o  an ascending 
t ra jec tory :  heat survival  problems a re  
minimized, t he  experiment i s  conducted 
close t o  t h e  launch s i t e  insuring good 
radar tracking data and strong telemetry 
signals,  and instrumentation performance 
may be checked before and after t h e  data 
col lect ing period. 
17,800 f e e t  per  second w a s  reached at an 
a l t i t u d e  of approximately 176,000 f e e t .  

The purpose of t h e  f l i g h t  

A peak ve loc i ty  of 

Also i n  t h i s  report ,  t h e  radio 
at tenuat ion data obtained a t  a point near 

maximum signal l o s s  are compared with theo re t i ca l  predict ions i n  which equilib- 
rium and frozen thermochemical-flow models a re  assumed. 

PROBE DESCRIPTION 

The four-stage solid-propellant rocket vehicle used t o  obtain t h e  desired 
probe t ra jec tory  was designed by t h e  Langley Research Center and i s  described i n  
reference 1. The probe i s  shown i n  figure 2. -It w a s  a body of revolution 
147 inches long with a 2-inch-diameter hemispherically blunted 90 half-angle con- 
i c a l  nose, a 9-inch-diameter cy l indr ica l  midsection, and a 10’ half-angle flare 
sect ion at the  rear. This slender cone-cylinder-flare body w a s  used t o  avoid 

UNCLASSIFIED 



Distance from 
nose tip, in. VHF signal blackout and t o  permit t h e  

0 . 0  
Spherical diameter, 2 i n .  4 

11.20 

23.10 

33.60 

Half-angle, 9 O  

Forward Slot antenna 

Aft Ring antenna 

use of  avai lable  real gas solutions t o  
make theore t ica l  predictions of s igna l  
attenuation. The nose cone w a s  made of 
all-metall ic,  heat-sink materials and 
w a s  designed t o  withstand t h e  high tem- 
peratures of t he  f l i g h t  without contam- 
inating t h e  flow f i e l d  with ablat ion 
products. The probe w a s  careful ly  
designed f o r  both s t a t i c  and dynamic 
s t a b i l i t y  t o  insure a low angle of inc i -  
dence during the  data col lect ing period. 
Some coning during fourth-stage-rocket 
burning w a s  ant ic ipated because t h e  f r e e  
jet  expansion of a rocket exhaust at high 
a l t i t ude  can induce separated flow along 
t h e  vehicle and cause a loss  of aero- 
dynamic s t a b i l i t y  ( r e f .  2 ) .  

Additional de ta i l s  on the  probe may 
be obtained from reference 1. 

Figure 2.- Sketch of slender probe. 

INSTRUMENTATION 

Probe 

Two VIIF antennas were used i n  t h e  experiment. (See f i g .  2.)  The forward 
s l o t  antenna w a s  on t h e  conical section o f  the probe and w a s  used with a 
244.3-mc continuous-wave (CW) transmitter. 
cy l indr ica l  sect ion of t h e  probe and w a s  used with a 240.2-mc telemeter. 
d i e l e c t r i c  separator f o r  both antennas w a s  aluminum oxide (A2203) .  The horizon- 
tal and v e r t i c a l  pa t te rns  f o r  t he  forward s l o t  antenna are shown i n  figure 3 and 
per t inent  construction d e t a i l s  are given i n  f igure 4. 
i s o l a t o r  o r  p a r t i t i o n  were designed in to  t h e  probe but subsequent measurements 
demonstrated t h a t  only one s l o t  antenna w a s  necessary t o  obtain adequate pa t te rn  
coverage; therefore,  only one s l o t  antenna was used during t h e  f l i g h t .  The pat- 
t e r n s  f o r  t h e  aft  r ing antenna are  shown i n  f igure 5 and s igni f icant  construc- 
t i o n  d e t a i l s  a r e  given i n  f igure  6. Bandwidth charac te r i s t ics  of t h e  two anten- 
nas are given i n  f igu re  7.  

The aft ring antenna w a s  on t h e  
The 

Two s l o t  antennas and an 
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Figure 3.- Forward-slot-antenna pattern. 
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Figure 4.- Detail of forward-slot-antenna construction. 
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Figure 5.- Aft-ring-antenna pat tern.  
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Figure 6.- Detail of aft-ring-antenna construction. 
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1 I 1 I 1 
241 242 243 244 245 246 241 

Frequency, mc 

( a )  Forward s l o t  antenna. 

237 238 239 240 241 242 243 
Frequency, mc 

(b)  A f t  r ing antenna. 

Figure 7.- Antenna bandwidth character is t ics .  

Both crystal-controlled VHF t rans-  
mitters, t h e  244.3-mc CW t ransmi t te r  and 
the 240.2-mc telemeter t ransmit ter ,  were 
of the same design and each had a nominal 
power output of 2 w a t t s .  

The probe w a s  instrumented w i t h  an 
NASA F'M/AM telemeter. Measurements 
obtained from t h e  telemetered data were 
(1) probe angle of incidence, (2)  normal, 
longitudinal, and t ransverse accelera- 
tions, ( 3 )  nose-cone temperatures, ( 4 )  cw 
t ransmit ter  forward power, (3)  CW t rans-  
m i t t e r  r e f lec ted  power, and (6) forward- 
slot-antenna impedance. The first three  
measurements were made t o  ver i fy  proper 
vehicle performance and t h e  last three  
items plus received s igna l  s t rength were 
the primary measurements of the  
experiment. 

The forward and re f lec ted  powers and 
the antenna impedance were measured on 
the transmission l i n e  feeding the  forward 
s lo t  antenna as shown i n  f igure  8. 
sensor used t o  measure t h e  forward and 
ref lected powers w a s  a b id i rec t iona l  
coupler with a 40-decibel d i r ec t iv i ty .  
The impedance sensor u t i l i z e d  the  
s lot ted- l ine pr inc ip le  and w a s  actual ly  
a sect ion of t h e  transmission l i ne .  It 

The 

contained nine detectors  spaced equal distances apart  and at known distances from 
t h e  antenna. It w a s  r i g id ly  constructed, was s l i gh t ly  over a half  wave length, 
and w a s  formed i n t o  a r ing t o  f i t  inside the  cy l indr ica l  body section. 
ward and re f lec ted  powers and the  impedance measurements were m a d e  by sampling 
t h e  detectors  and ca l ibra t ion  voltages with a commutating switch and telemetering 
the  information t o  ground receivers on a single telemeter channel. The impedance 

The for -  

7 Reflected power 

Forward power 7 

cw 
Direct ional  coupler Impedance sensor Forward s l o t  244.3-mc 

t r ansmi t t e r  antenna 

Figure 8.- Transmission l i n e  sensors. 
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detectors were sampled 10 t i m e s  per  second and t h e  b id i rec t iona l  coupler and 
cal ibrat ion voltages were sampled 5 t i m e s  per  second. 

Ground Range 

The ground range used f o r  t h e  f l i g h t  i s  shown i n  figure 9. The telemeter 
s ignal  was recorded on magnetic tape a t  Wallops Stat ion and aboard ship. Signal 

7 320,000 f t  a l t i t u d e  

7 1 4 0 , 0 0 0  f t  a l t i t u d e  

F l i g h t  p a t h  

N 

Figure 9.- RAM Al s p a t i a l  t r a j ec to ry  during the prime da ta  period a s  seen from the ground range. 

s t rengths  from both VHF antennas were recorded on magnetic tape  at Wallops 
Station, Langley, Coquina Beach on t h e  North Carolina coast, and aboard ship i n  
t h e  Atlantic Ocean. 
t o  t he  vehicle longitudinal axis were approximately 3 O  from Wallops, 30' from 
Langley, TO0 from Coquina Beach, and 900 from t h e  ship.  
essent ia l ly  constant during t h e  prime data period (between 140,000 f e e t  and 
320,000 f e e t ) .  
recording t h e  automatic gain control voltages from ca l ibra ted  receivers  with 
voltage-controlled osc i l l a to r s .  
throughout t he  ground range. 

The look angles from t h e  ground receiver  s i t e s  with respect 

These angles remained 

The signal-strength measurements were accomplished by tape 

Wide-beam h e l i c a l  receiving antennas were used 
Before launch t i m e ,  antennas were pointed toward 

8 

U.NCLASS I F I ED 



UNCLASSIFIED 
d 

t h e  center of t h e  prime data perio% and receivers were accurately s e t  on f re -  
quency. 
nor tune the  receivers during the  prime da ta  period. This precaution w a s  taken 
t o  prevent t he  presence of a r t i f i c i a l  variations i n  t h e  signal-strength records. 

Operators of t h e  ground s ta t ions  were not permitted t o  t rack  the  antennas 

TEST RESULTS AND DISCUSSION 

Vehicle performance w a s  normal throughout t he  f l i g h t .  The planned a l t i tude-  
veloci ty  p r o f i l e  w a s  flown, nose-cone skin temperatures were less than 750' F, 
and probe angle of incidence varied from near 0' t o  5' during t h e  prime data 
period. 
able e f f ec t  on t h e  data. 
i n  figure 10. 

This var ia t ion  i n  angle of incidence which w a s  expected had no notice- 
Velocity and a l t i t ude  during t h e  da ta  period a re  shown 

See reference 1 f o r  fu r the r  de t a i l s  on vehicle performance. 
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Figure 10.- Time h is tory  of veloci ty  and d t i t u d e  during prime da ta  period. 

Signal- s t rength measurements at Wallops, Langley, Coquina Beach, and t h e  
ship f o r  t h e  forward s l o t  antenna a re  given i n  f igu re  11. The s igna l  s t rengths  
i n  decibels  are p lo t ted  r e l a t ive  t o  t h e  signal l e v e l  j u s t  p r i o r  t o  fourth-stage 
ign i t ion .  
received s ignals .  
an a l t i t u d e  of approximately 156,000 fee t  and a veloci ty  of 13,000 f e e t  per second 
and reached a m a x i m u m  a t tenuat ion of 25 decibels at fourth-stage burnout at an 
a l t i t u d e  of 176,000 feet and a veloci ty  of 17,800 feet per  second. All s t a t ions  
indicated approximately t h e  same m a x i m u m  attenuation. The peak attenuations and 
curve shapes a re  very similar at all receiving s t a t ions  during t h e  period of 
plasma-sheath interference.  This s imi la r i ty  ind ica tes  t h a t  any antenna-pattern- 
shape changes were s m a l l .  

Variances due t o  spin have been removed by f a i r i n g  peak values of 
,The s igna l  started t o  decrease during fourth-stage burning at 

*- UNCLASSIFIED 9 
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Figure 11.- Received signal strength f r o m  forward slot antenna. 
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Figure 12.- Received signal strength from a f t  r ing  antenna. 
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Signal-strength measurements at Wallops, Langley, and Coquina Beach f o r  t h e  

aft ring antenna a re  shown i n  f igure  12. 
spin have been removed by f a i r i n g  peak values of received signals.  
record of t h i s  signal w a s  not usable became of ifiadeqtiate cai ibrat ions.  Atten- 
uat ion of t h i s  s ignal  during the  plasma-sheath-interference period w a s  s m a l l  f o r  
all stat ions,  being no grea te r  than 10 decibels.  

Variances i n  s ignal  s t rength due t o  
The ship 

It i s  in te res t ing  t o  note t h a t  t h e  exhaust of t h e  burning fourth-stage rocket 
had no apparent effect  on t h e  transmitted s ignals .  There were no sudden changes 
i n  signal strength a t  t h e  various ground s t a t ions  when t h e  rocket motor igni ted 
nor when it burned out although there  might have been some enhancement of a t ten-  
uation due t o  flow-field-rocket-exhaust in te rac t ion  ( r e f .  3 ) .  

During the  plasma-sheath-interference period (a t  a l t i t udes  from 156,000 feet 
t o  210,000 f e e t )  t h e  voltage standing-wave r a t i o  (VSWR) on the  transmission l i n e  
feeding the forward s l o t  antenna increased from essen t i a l ly  1 t o  a m a x i m u m  of  8. 
The VSWR f l i g h t  measurements are p lo t ted  i n  f igure  13. The signal-attenuation 

4 t h - s t a g e  i ? n i t i O n , 1 5 1 , 0 0 0  f t  a l t i t u d e ,  1 1 , 5 0 0  f t / s e c  v e l o c i t y  

,- 4 t h - s t a g e  b u r n o u t ,  1 7 6 , 0 0 0  f t  

I 
9 r  1 

320,000 f t  a l t i t u d e ,  
1 7 , 6 0 0  f t / s e c  v e l o c i t y -  

P 
d 

12 

Figure 13.- Reflection-coefficient angle, v m ,  and signal strength for forward slot antenna. 
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curves p lo t ted  i n  f igure  11 are  total-s ignal- loss  curves including losses  due t o  
antenna mismatch and forward power changes. 
negl igible  and t h e  m a x i m u m  voltage standing wave r a t i o  of 8 i s  indicat ive of a 
l o s s  of only 4 decibels.  

Forward power f luctuat ions were 

The antenna impedance sensor essent ia l ly  monitored t h e  voltage standing wave 
minimum posit ion.  The voltage standing wave minimum pos i t ion  i s  p lo t ted  i n  f i g -  
ure  13 i n  terms of reflection-coefficient angle. Antenna impedance w a s  calculated 
f o r  t h e  plasma-sheath-interference period by using t h e  VSWR, t h e  locat ion of t h e  
voltage standing wave m i n i m  with respect t o  t h e  antenna, and a Smith chart .  The 
resu l t s ,  indicat ing an impedance s h i f t  i n  t h e  inductive direction, a r e  tabulated 
i n  t a b l e  I. 
impedance w a s  approximately 50 ohms. 

Before and a f t e r  t he  prime data period the  VSWR was near 1 and t h e  

TABLE 1.- SUMMARY OF FORWARD-ANTENNA-IMPEDANCE MEASUREMENTS 

Time, sec 

57.0 

57* 5 

58.0 

59.0 

59.3 

60.0 

60.5 

Altitude, f t  I Velocity, f t / sec  

162,000 

167,000 

173,000 

185, 000 

192, ooo 

198, ooo 

205, ooo 

15 , ooo 

17,200 

17,750 

17,800 

17,800 

17,800 

17,750 

VSWR 

4.5 

6.0 

8.1 

7.8 

5.9 

4.5 

3 . 1  

Impedance, ohms 

62.0/65.00 

49.0/71. oo 

43.0[74.8’ 

47.7/75.40 

Figures ll, 12, and 13 show a ra ther  large drop (a  m a x i m u m  of  approximately 
20 decibels)  i n  t h e  s t rength of both VRF signals at Wallops when t h e  probe i s  i n  
t h e  300,000-foot-altitude region. No corresponding increase i n  VSWR and 
ref lect ion-coeff ic ient  angle occurs; t h i s  indicates t h a t  t h e  antenna w a s  
unaffected. 
cause t h e  e f f e c t s  noted; therefore, vehicle wake phenomena a re  suspected. Elec- 
t r o n  clouds due t o  hypervelocity vehicles, ionosphere seeding, and flare explo- 
s ions once formed at high a l t i t udes  a re  known t o  pe r s i s t  f o r  extended periods 
because of t h e  slow rate of e lectron recombination at  low pressures ( r e f .  4 ) .  

It i s  d i f f i c u l t  t o  visual ize  antenna pa t te rn  changes t h a t  would 

COMPARISON OF FLIGE” RESULTS WITH T H E O ~ I ~ A L  PREZXCTIONS 

F l igh t  results are compared with theore t ica l  signal-attenuation predictions 
i n  f igure  14. The f igu re  i s  prepared f o r  a f l i g h t  t r a j ec to ry  point near m a x i m u m  
s igna l  l o s s  (a l t i tude  of l70,OOO feet and a velocity of 17,700 f e e t  per  second). 

y____ UNCLASSIFIED l3 



-4C 

P 
P 

2 -3c 
c, 
bD c 
0, 
k 
c, 
rn 

: -20 
c 
h0 
d 
m 
aJ > 
d 
2 -10 

I - Theory I 
I 
I 
I 
I 
I 
I 
I 

I I 

0 Flight results 

Frozen-flow predictions 

I 
I 

0 5 1 0  ' 

4 
'a, 
p: 

I 
I I I I I '  I 

1 5  20  2 5  30 I 3 5  
Distance from nose, in. I 

I 

Equilibrium-flow predictions 

4 0  
I 
I 
I 

I 

Aft ring a n t e n n a l :  

Forward slot antenna 
I 

Figure 14.- Comparison of theoretical predictions and flight results at an altitude of 170,000 feet 
and a velocity of 17,700 feet per second. 

Theoretical  predictions are given f o r  the two l imi t ing  thermochemical-flow models, 
equilibrium flow and frozen flow (no recombination of atoms o r  ions)  following 
the  shock. The equilibrium predictions were made by using real gas character- 
i s t i c s  f o r  a 90 hemisphere-cone body ( ref .  3)  and t h e  modifications made i n  ref- 
erence 6. 
and Mach number and allowances f o r  t h e  Prandtl-Meyer expansion which occurs at 
the  cone-cylinder juncture of t h e  probe covered by t h i s  study. The frozen-flow 
predictions were made i n  reference 6 w i t h  i n f i n i t e l y  slow rates assumed f o r  all 
chemical reactions a f t e r  t he  attainment of complete equilibrium immediately upon 
crossing t h e  shock f ront .  The s igna l  a t tenuat ions f o r  both equilibrium flow and 
frozen flow were calculated i n  reference 6 by using avai lable  electromagnetic 
theory w i t h  the  incident s igna l  assumed t o  be a plane wave at normal incidence 
t o  t h e  plasma sheath. 

These modifications were extrapolations t o  s l i g h t l y  d i f f e ren t  a l t i t u d e  

The resu l t s  of t he  comparison made i n  f igure  14 ind ica te  t h a t  t h e  f l i g h t  
measurements are i n  c loser  agreement w i t h  predictions based on t h e  assumption of 
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equilibrium f o r  t h e  aft  r ing  antenna than w i t h  those f o r  t h e  forward s l o t  antenna. 
This comparison points  up possible nonequilibrium chemistry i n  the  f l o w  f i e l d .  

Another explanation i s  t h a t  t h e  large change i n  decibel l o s s  between t h e  
forward and aft antennas could be due t o  differences i n  antenna design. Fig- 
ure 14  shows t h a t  f o r  t h e  equilibrium condition predicted losses  are e s sen t i a l ly  
the  sane f o r  both antenna locations.  Also, the frozen-flow-field assumption 
indicates  a difference of only a few decibels between t h e  antennas. 
antennas had been employed, t he  difference i n  s igna l  losses  should have been 
qui te  s m a l l  i n  accordance with the  approximately equal predicted plasma charac- 
t e r i s t i c s  at both antennas. As shown i n  figure 7 t h e  forward antenna i s  narrow 
band and t h e  a f t  antenna i s  broad band. 

If iden t i ca l  

Therefore, i f  t h e  plasma environment 
causes detuning of t h e  antennas, then t h e  
l e s s  s ignal  l o s s .  

CONCLUDING 

aft broad-band 

FEMARKS 

antenna would suf fer  

A carefu l ly  controlled VRF attenuation f l i gh t  experiment, RAM Al, w a s  con- 
ducted i n  which aerodynamic shaping w a s  u t i l i zed  t o  prevent t o t a l  s igna l  black- 
out. The measured s ignal  attenuations, a maximum of 25 decibels f o r  t h e  forward 
s l o t  antenna and of 10 decibels f o r  t he  aft ring antenna, l i e  within t h e  pre- 
dicted bounds according t o  t h e  two l i m i t i n g  thermochemical-flow models, equilib- 
rium flow and frozen flow. 
of involvement of nonequilibrium chemistry. The voltage standing-wave r a t i o  f o r  
t h e  forward s l o t  antenna rose t o  8; t h i s  indicates a 4-decibel loss due t o  m i s -  
match. 
i s t i c s  are indicated.  Differences i n  s ignal  loss from t h e  forward s l o t  antenna 
and t h e  aft r ing  antenna may be due t o  e i the r  nonequilibrium chemistry or antenna 
bandwidth charac te r i s t ics .  
were s m a l l .  
t i on .  
VRF s igna l  l eve l s .  
t h e  payload stage w a s  i n  t h e  300,000-foot-altitude region may be due t o  wake 
phenomena. 

Additional study is indicated t o  determine the  extent 

Additional detuning losses  re la ted  t o  t h e  antenna bandwidth character- 

Antenna-pattern-shape changes due t o  t h e  plasma sheath 
The forward-slot-antenna impedance sh i f t ed  i n  the  inductive direc- 

The exhaust of t he  burning fourth-stage rocket had no apparent e f f ec t  on 
Attenuation of t h e  signals received at Wallops Stat ion when 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Station, Hampton, V a . ,  November 20, 1962. 
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